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Purpose.Thisstudyexaminedwhetheroctogenariansandelderlypatientswithpelvicfractureshaveadiﬀerentriskofcomplication
and mortality as compared to adults. Methods. Data was gathered from the National Trauma Data Bank from 2002 to 2006. There
were 32,660 patients 18–65, 6,408 patients 65–79, and 5,647 patients ≥ 80 years old with pelvic fractures. Descriptive statistics
and bivariate and multivariate analyses were performed with the adult population as a referent. Results. Multivariate analysis
showed 4.7-fold higher odds of death and 4.57 odds of complications in the octogenarian group after a pelvic fracture compared
to adults. The elderly had 1.81-fold higher odds of death and 2.18-fold higher odds of severe complications after sustaining a
severe pelvic fracture relative to adults. An ISS ≥ 16 yielded 15.1-fold increased odds of mortality and 18.3-fold higher odds of
severecomplications.Hypovolemicshockhad7.65-foldincreasedoddsofdeathand6.31-foldhigheroddsofseverecomplications.
Between the ages of 18 and 89 years, there is approximately a 1% decrease in survivorship every 10 years. Conclusions. This study
illustrates that patients older than 80 years old with pelvis fractures have a higher mortality and complications rate than elderly or
adult patients.
1.Introduction
Pelvic fractures comprise less than 5% of all fractures in
octogenarians. However, fractures of the pelvis constitute
up to 23% of admissions to level I trauma centers [1].
Similartoadults,octogenarianshavepelvicfracturesthatcan
be associated with high-energy trauma and injury to other
physiologicalsystemsthatmayleadtoanincreasedincidence
of complications and mortality [1]. Multiple fractures and
organ damage may occur with low velocity injury because
of the osteoporotic nature of the octogenarian skeleton and
the increased association with chronic comorbidities and
sarcopenia [2, 3]. Thus, an elderly person presenting with
a pelvic fracture should be evaluated early for having a
multiorgan injury with an increased potential for harm,
complications, and death. Previous studies on octogenarian
pelvic fractures analyzed the elderly population as a whole,
including both the elderly (65–79 years old) and the
octogenarians(≥80yearsold)[1,4].Lowvelocity injuries in
theelderlyhavebeenthefocusstudiesthatevaluatedpatients
with osteoporosis and pelvis fractures [5–7].
Patients older than 80 comprise a period of life that is
fraught with multiple comorbidities that are managed by
their primary care physician. Decline in the reproductive,
cardiovascular, and skeletal systems, as well as alterations
in body composition during this stage of life, can often
contributetovaryingresponsestoinjury[3,8].Physiological
changesintheelderlyleadtoatheoreticaldecreasedabilityto
withstand the eﬀect of traumatic injury. Physiologic changes
include a decrease in weight, lean body mass, muscle size,2 Journal of Osteoporosis
and bone mass [8]. Moreover, there is a decrease in blood
pressure, blood volume, hematocrit cardiovascular, and lung
vital capacity [9]. Thus, depending on the placement of an
elderly person on the physiological curve, he or she may
respond to trauma diﬀerently than an adult.
The authors hypothesized that octogenarian patients
with pelvic fractures have a higher risk of complications
and mortality as compared to younger elderly and adult
patients after admission to a trauma center. Because of the
relative rarity of high velocity pelvic fractures in elderly and
octogenarian patients, data was collected from the National
Trauma Data Bank (NTDB).
2.MaterialsandMethods
We identiﬁed the study populations that were entered
into the National Trauma Data Bank (NTDB version 7.1).
This NTDB version contained data from over 900 United
States trauma centers. There were over 2.7 million patient
records from the years 2002 to 2006 that were entered
into the NTDB. The NTDB contains patient data compiled
from medical records before, during, and after admission.
This information is submitted to the American College of
Surgeons for quality control and maintenance.
The NTDB reports all injuries by using the International
Classiﬁcation of Diseases, 9th Revision, Clinical Modiﬁca-
tion (ICD-9-CM) diagnostic codes. The data was imported
and merged into a single dataset from the 13 NTDB ﬁles
using SAS version 9.2 (SAS Institute, Cary, NC). Abbreviated
Injury Scale (AIS) scores for lower extremities were linked
to a pelvic fracture code (see later). Linking to the pelvic
fracture code ensured that AIS values were recorded for only
pelvic injuries.
The initial NTDB population consisted of over 2.7
million entries. For the purpose of this study, all burn
or penetrating injuries were excluded reducing the group
to1.7 million patients. If a patient’s multiple ICD-9 DCODE
(diagnosis codes) entries contained at least one of the
following codes, the patient was considered to have a pelvic
fracture: 808.2, 808.3, 808.4, 808.41, 808.42, 808.43, 808.49,
808.5, 808.51, 808.52, 808.53, 808.59, 808.8, and 808.9.
Acetabular fractures were excluded from the study. If the
ICD-9 codes were 808.2, 808.41, 808.42, 808.43, 808.49,
or 808.8, the pelvic fractures were closed pubis, ilium,
ischium, multiple, other, or unspeciﬁed, respectively. If the
ICD-9 codes were 808.3, 808.51, 808.52, 808.53, 808.59, or
808.9, the pelvic fractures were open pubis, ilium, ischium,
multiple, other, or unspeciﬁed, respectively. Those entries
without a pelvic fracture were removed, giving a total of
54,459 patients with pelvic fractures.
In order to analyze the elderly population and compare
it to the adult population, children aged 17 years and
younger were excluded yielding a study population of 45,081
patients. This ﬁnal study population was subdivided into
octogenarian, deﬁned as all patients older than 79 years,
elderly, deﬁned as ages 65 to 79 years old, and adults, deﬁned
to be ages 18 to 64 years old. This subdivision was performed
because of many previous studies that evaluated strength,
performance, and outcomes in groups younger or older than
80 years old [10–13].
The main outcomes of interest were mortality and severe
complication. A severe complication was deﬁned as having
renal failure, acute respiratory distress syndrome (ARDS),
or a pulmonary embolism recorded in the NTDB. Analysis
of prehospital risk factors was considered to determine the
association with the main outcome variables of mortality
and severe complications. These risk factors included sex,
race, age, arrival in shock (systolic blood pressure less than
90mmHg), head injury (a positive head computed tomogra-
phy), injury severity score (ISS), and mechanism of injury.
2.1. Statistical Analysis. All statistical analyses were con-
ducted using SAS. Descriptive statistics were performed
on the entire study population. To determine associations
between risk factors and the main outcomes of interest,
bivariate analysis was conducted between the main end
points and each pre-hospital risk factor. Continuous covari-
ates were dichotomized. Risk factors that were not already
dichotomous were transformed into two mutually exclusive
categories. For example, ISS became greater than or equal
to 16 and less than 16. For this assessment, open fractures
and unknown mechanisms of injury were excluded, yielding
a study group of 31,475.
A subpopulation of severe pelvic injuries was also
created to determine if any octogenarian subgroup has better
outcomes. For this population, an AIS of less than 3 and
all patients with lower extremity fractures besides pelvic
fractures were excluded. This created a study subgroup of
3,101 patients with isolated severe pelvic fractures.
For both the main study population and the subgroup of
severe pelvic injury, prehospital risk factors were determined
tobesigniﬁcantusingtheMantel-Haenszeltest.Thismethod
produced crude odds ratios and 95% conﬁdence intervals,
and those variables of signiﬁcance were included for mul-
tivariate analysis. Mechanism of injury was not included in
the ﬁnal multivariate analysis due to the inconsistency and
unreliability of the data.
Logistic regression analyses including those variables
deemed to be of signiﬁcance were performed to determine
the association between the prehospital risk factors and the
two main outcomes (death and severe complication). In
order to assess the importance of age and outcome after
sustaining a pelvic fracture, each model included a speciﬁc
age group (octogenarian or elderly) as compared to adults
as referent. The Hosmer-Lemeshow goodness-of-ﬁt test was
performed on each model to determine whether or not the
observed event rates matched the expectant event rates. The
P value must be greater than 0.05 to indicate a good ﬁt.
3. Results
3.1. Descriptive Data for the Whole Population. There were
45,081 individuals that matched the preliminary inclusion
andexclusioncriteria.Descriptivestatisticsofdemographics,
injury mechanism, injury severity, treatment, and compli-
cations are presented in Table 1. The study population wasJournal of Osteoporosis 3
Table 1: Frequency distribution of characteristics for the entire population of pelvic fractures, n = 45,081.
Variable
Age group
Adults
(18–64 years)
n (%)
N = 32,660
Elderly
(65–79 years)
n (%)
N = 6,408
Octogenarian
(≥80 years)
n (%)
N = 5,647
Total
n (%)
Gender
Male 19,920 (61.1) 2,619 (40.9) 1,361 (24.1) 23,900 (53.5)
Female 12,704 (38.9) 3,778 (59.1) 4,277 (75.9) 20,759 (46.5)
Race
Caucasian 21,205 (71.1) 5,013 (84.1) 4,744 (90.2) 31,162 (75.5)
African American 3,006 (10.0) 286 (4.9) 132 (2.6) 3,424 (8.3)
Asian/Paciﬁc Islander 583 (1.9) 128 (2.2) 63 (1.3) 774 (1.9)
Hispanic 3,261 (10.8) 258 (4.3) 78 (1.6) 3,597 (8.7)
Native American 218 (0.8) 21 (0.3) 1 (0.1) 240 (0.6)
Other 1,631 (5.4) 282 (4.2) 212 (4.2) 2,095 (5.0)
Survival
Survived 29,622 (91.2) 5,528 (86.6) 4,895 (86.8) 40,045 (90.0)
Died 2,867 (8.8) 855 (13.4) 743 (13.2) 4,465 (10.0)
Severe complication∗
Yes 3,715 (11.4) 1,032 (16.2) 819 (14.5) 5,566 (12.5)
No 28,783 (88.6) 5,352 (83.8) 4,819 (85.5) 38,954 (87.5)
Fracture type
Open 1,456 (4.5) 106 (1.7) 40 (0.7) 1,602 (3.6)
Closed 31,189 (95.5) 6,301 (98.3) 5,606 (99.3) 43,096 (96.4)
Fracture location
Ilium 4,370 (13.9) 677 (10.7) 391 (7.0) 5,438 (12.6)
Ischium 1,332 (4.2) 312 (5.0) 236 (4.2) 1,880 (4.3)
Pubis 12,977 (41.4) 2,822 (44.7) 2,695 (48.0) 18,494 (42.7)
Multiple 2,040 (6.5) 248 (3.9) 127 (2.3) 2,415 (5.6)
Unspeciﬁed 2,677 (8.5) 506 (8.0) 422 (7.5) 3,605 (8.3)
Other 7,968 (25.5) 1,749 (27.7) 1,741 (31.0) 11,458 (26.5)
Systolic blood pressure (mmHg)
<90 5,389 (16.5) 1,093 (17.1) 936 (16.6) 7,418 (16.6)
90–139 18,823 (57.6) 2,691 (42.0) 1,914 (33.9) 23,428 (52.4)
140+ 8,448 (25.9) 2,624 (40.9) 2,797 (49.5) 13,869 (31.0)
MOI∗∗
Motor vehicle 12,832 (39.3) 1,774 (27.7) 946 (16.7) 15,552 (34.8)
Motorcycle 2,961 (9.1) 93 (1.5) 9 (0.1) 3,063 (6.8)
Pedestrian 666 (2.0) 92 (1.4) 35 (0.6) 793 (1.8)
Crush 870 (2.7) 143 (2.2) 41 (0.7) 1,054 (2.4)
High fall 3,166 (9.7) 709 (11.1) 952 (16.9) 4,827 (10.8)
Low fall 2,067 (6.3) 2,091 (32.6) 2,801 (49.6) 6,959 (15.6)
Unknown 10,098 (30.9) 1,506 (23.5) 863 (15.4) 12,467 (27.8)
AIS† of pelvis
None 22,266 (68.2) 4,413 (68.9) 3,828 (67.8) 30,507 (68.2)
1 108 (0.3) 9 (0.1) 9 (0.1) 126 (0.3)
2 5,922 (18.1) 1,256 (19.6) 1,237 (21.9) 8,415 (18.8)
3 3,550 (10.9) 623 (9.7) 546 (9.7) 4,719 (10.6)
4 617 (1.9) 83 (1.3) 15 (0.3) 715 (1.6)
5 197 (0.6) 24 (0.4) 12 (0.2) 233 (0.5)
6 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)4 Journal of Osteoporosis
Table 1: Continued.
Variable
Age group
Adults
(18–64 years)
n (%)
N = 32,660
Elderly
(65–79 years)
n (%)
N = 6,408
Octogenarian
(≥80 years)
n (%)
N = 5,647
Total
n (%)
ISS††
<16 14,979 (45.9) 3,972 (62.0) 4,333 (76.7) 23,284 (52.1)
≥16 17,681 (54.1) 2,436 (38.0) 1,314 (23.3) 21,431 (47.9)
Acute respiratory stress syndrome
Yes 668 (2.1) 105 (1.6) 63 (1.1) 836 (1.9)
No 31,992 (97.9) 6,303 (98.4) 5,584 (98.9) 43,879 (98.1)
Renal failure
Yes 281 (0.9) 105 (1.6) 59 (1.0) 445 (1.0)
No 32,379 (99.1) 6,303 (98.4) 5,588 (99.0) 44,270 (99.0)
Pulmonary embolism
Yes 199 (0.6) 52 (0.8) 26 (0.5) 277 (0.6)
No 32,461 (99.4) 6,356 (99.2) 5,621 (99.5) 44,438 (99.4)
ICU stay
<1 week 27,615 (84.6) 5,511 (86.0) 5,224 (92.5) 38,350 (85.8)
≥1 week 5,045 (15.4) 897 (14.0) 423 (7.5) 6,365 (14.2)
Hospital stay
<1 week 15,731 (48.2) 3,574 (55.8) 3,848 (68.1) 23,153 (51.8)
≥1 week 16,929 (51.8) 2,834 (44.2) 1,799 (31.9) 21,562 (48.2)
Major procedure
CRIF 22 (0.1) 3 (0.1) 0 (0.0) 25 (0.1)
ORIF 153 (0.5) 12 (0.2) 9 (0.2) 174 (0.4)
Closed dislocation reduction 130 (0.4) 3 (0.1) 1 (0.0) 134 (0.3)
Open dislocation reduction 142 (0.4) 11 (0.2) 1 (0.0) 154 (0.3)
Other 5,193 (15.9) 450 (7.0) 92 (1.6) 5,735 (12.8)
No major procedure 27,020 (82.7) 5,929 (92.4) 5,544 (98.2) 38,493 (86.1)
∗Severe complication is deﬁned as having one or more of the following during hospital course: pulmonary embolism, renal failure, acute respiratory distress
syndrome, or death.
∗∗MOI: mechanism of injury.
†AIS: abbreviated injury scale.
††ISS: injury severity score.
divided into octogenarian of more than 79 years of age (n =
5,647), elderly between the ages of 65 and 79 (n = 6,408),
and adults between the ages of 18 and 64 (n = 32,660).
Males constituted 53.5% of the group. Adults had more
males (61.1%) than the elderly (40.9%) or octogenarian
(24.1%) groups. Most of the individuals were reported to
be Caucasian (75.5%), with Hispanics (8.7%) and African
Americans(8.3%)beingthenextlargestethnicgroups.There
wasa marked increasein the percentof Caucasian patients in
the octogenarian group (90.2%) relative to the adult group
(71.1%). For the total population, the survival rate after
sustaining a pelvis fracture was 90.0%. When separated by
age group, adults with pelvis fractures had the best survival
( 9 1 . 2 % ) .T h ee l d e r l ya n do c t o g e n a r i a nw i t hp e l v i sf r a c t u r e s
had worse survival relative to adults (86.6% and 86.8%,
resp.). At least one severe complication occurred in 12.5% of
the total population. The elderly had the highest percentage
of complications (16.2%) relative to adults (11.4%) and
octogenarians (14.5%). The percent of patients that survived
by age group for the whole population is presented in
Figure 1.
Most of the pelvic fractures were closed (96.4%). How-
ever, open fractures occurred in 4.5% of adults and only
0.7% of octogenarian patients. Pubic rami fractures had the
highest prevalence (42.7%), with the octogenarian patients
having the highest percentage (48%) relative to the elderly
(44.7%) and adults (41.4%). The most common known
mechanism of injury was motor vehicle accident (34.8%),
with low-energy fall (15.6%) and high-energy fall (10.8%)
following. As expected, the octogenarian patients had a
high rate of low energy falls (49.6%) relative the elderly
(32.6%) and adult (6.3%) patients. A large percentage of the
population had no mechanism of injury reported (27.8%).
These individuals were excluded from the ﬁnal analysis if itJournal of Osteoporosis 5
Table 2: Multivariate logistic regression analysis for the entire pop-
ulation of closed pelvic fractures using predictors upon arrival to
the emergency department with the outcomes death and severe
complication (odds ratios and 95% conﬁdence intervals).
Outcome
Model predictors Death Severe complication∗
n = 31,475 n = 31,475
Adult (18–64 years) Referent Referent
Elderly (65–79) 2.35 (2.10–2.62) 2.19 (1.98–2.42)
Octogenarian
(≥80 years)
3.60 (3.19–4.04) 2.87 (2.57–3.21)
Head injury 1.62 (1.42–1.84) 1.59 (1.41–1.79)
ISS∗∗ ≥ 16 10.4 (9.26–11.7) 9.54 (8.62–10.6)
Hosmer-Lemeshow† 0.34 0.08
∗Severe complication is deﬁned as having one or more of the following dur-
ing hospital course: pulmonary embolism, renal failure, acute respiratory
distress syndrome, or death.
∗∗ISS: injury severity score.
†Hosmer-Lemeshow P value given for model’s goodness of ﬁt instead of
odds ratio and 95% conﬁdence interval.
included the mechanism of injury. In terms of injury severity
score (ISS), most patients had a score less than 16 (52.1%).
When divided by age, more octogenarian patients (76.7%)
hadanISSlessthan16comparedtoelderly(62.0%)oradults
(45.9%). In terms of hemodynamic instability on arrival, the
octogenarian group had a higher percentage of patients with
systolicbloodpressure(BP)greaterthan140mmHg(49.5%)
compared to the elderly (40.9%) and the adults (25.9%).
The increase in blood pressure in octogenarians may be due
to comorbid conditions previous to admission. For adults,
elderly, and octogenarians, the rate of BP less than 90mmHg
was similar (16.5%–17.1%).
3.2. Multivariate Logistic Regression Analysis for the Whole
Population. Variables that were found to be signiﬁcant in
the bivariate analysis were included in the ﬁnal multiple
logistic regression models for death and severe complication
as outcomes using predictors upon arrivals to the emergency
room. Adjusted odds ratios and 95% conﬁdence intervals are
presented in Table 2. As compared to the adult population,
the elderly had 2.35-fold increase in odds of death (95% CI:
2.10–2.62)and2.19-foldhigheroddsofseverecomplications
(95% CI: 1.98–2.42). Holding other variables constant,
octogenarians had 3.60-fold higher odds of mortality (95%
CI: 3.19–4.04) and 2.87-fold higher odds of complications
(95% CI: 2.57–3.21) relative to adults. Sustaining a head
injuryhada1.62-foldincreaseintheoddsofdeath(CI:1.42–
1.84) and 1.59-fold higher odds of complication (95% CI:
1.41–1.79). An ISS of greater than or equal to 16 increased
the odds of death and complications to 10.4- (95% CI: 9.26–
11.7) and 9.54- (95% CI: 8.26–10.60) fold, respectively.
3.3. Severe Pelvic Fracture Subpopulation. As u b g r o u pa n a l -
ysis was performed for patients determined to have a
serious, isolated, and closed pelvic injury (AIS ≥ 3). Table 3
demonstrates the descriptive statistics for this subpopulation
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Figure 1: Percentage survival per age of patients with pelvis frac-
tures.
(n = 3,101). There were minor diﬀerences in gender and
race as compared to the whole population. For the variables
survival and severe complication, adults survived slightly
more (94.2%) than the elderly population (92.4%) and
more than the octogenarian population (90.3%). However,
there were more severe complication rates in the elderly
(11.0%) and octogenarian (11.7%) relative to the adult
group (8.0%). The most common mechanism of injury was
lowvelocityfallfortheoctogenarianpopulation(56.2%)and
the elderly population (45.4%). However, the most common
mechanism of injury for the adult population was motor
vehicle accident (55.8%). Similar to the whole population,
the severe pelvic injury group demonstrated more octoge-
narian patients with an ISS less than 16 (78.0%). In terms
of hemodynamic instability on arrival, octogenarian patients
had the highest percentage of patients with systolic blood
pressure greater than 140mmHg (52.5%). The percentage of
patients that survived and stayed in the hospital less than one
week was largest in octogenarians (71.1%) relative to elderly
(57.7%) and adults (52.7%). By contrast, the octogenarian
patients that survived had the highest rate of ICU stay less
than one week (93.4%) relative to the adults (88.8%) and the
elderly (87.0%).
The severe pelvic fracture subpopulation data was ana-
lyzed using bivariate analysis (Table 4). Adults had a decrease
inoddsofdeathaftersustainingapelvicfracture.Individuals
that suﬀered from hypovolemic shock, head injury, or
ISS ≥ 16, had an increase in odds of death and severe
complications. Of all the reported mechanisms of injury,
motor vehicle accident had 2.28-fold increased odds of death
(95% CI: 1.70–3.07) and 2.17-fold higher odds of severe
complications (95% CI: 1.68–2.80). Low energy falls had
decreased odds of death (OR: 0.16, 95% CI: 0.10–0.30) and
severe complications (OR: 0.21, 95% CI: 0.12–0.35).
Variablesthatwerefoundtobesigniﬁcantinthebivariate
analysiswereincludedintheﬁnalmultiplelogisticregression6 Journal of Osteoporosis
Table 3: Frequency distribution of characteristics for the population with isolated, closed, and severe pelvic fractures (AIS ≥ 3), n = 3,101.
Variable
Age group
Adults
(18–64 years)
n (%)
N = 2,174
Elderly
(65–79 years)
n (%)
N = 463
Octogenarian
(≥80 years)
n (%)
N = 436
Total
n (%)
Gender
Male 1,277 (58.8) 192 (41.5) 96 (22.0) 1,565 (51.0)
Female 895 (41.2) 271 (58.5) 340 (78.0) 1,506 (49.0)
Race
Caucasian 1,432 (74.7) 370 (89.4) 380 (93.6) 2,183 (79.7)
African American 190 (9.9) 17 (4.1) 13 (3.3) 220 (8.1)
Asian/Paciﬁc Islander 24 (1.2) 4 (1.0) 1 (0.2) 29 (1.0)
Hispanic 216 (11.3) 11 (2.7) 3 (0.7) 230 (8.4)
Native American 7 (0.4) 1 (0.2) 0 (0.0) 8 (0.3)
Other 48 (2.5) 11 (2.6) 9 (2.2) 68 (2.5)
Survival
Survived 2,047 (94.2) 428 (92.4) 393 (90.3) 2,868 (93.4)
Died 127 (5.8) 35 (7.6) 42 (9.7) 204 (6.6)
Severe complication∗
Yes 173 (8.0) 51 (11.0) 51 (11.7) 275 (9.0)
No 2,001 (92.0) 412 (89.0) 384 (88.3) 2,797 (91.0)
Fracture location
Ilium 266 (12.2) 40 (8.6) 24 (5.5) 330 (10.7)
Ischium 58 (2.7) 10 (2.2) 11 (2.5) 79 (2.6)
Pubis 1,230 (56.6) 309 (66.7) 323 (74.1) 1,862 (60.6)
Multiple 315 (14.5) 50 (10.8) 21 (4.8) 386 (12.6)
Unspeciﬁed 80 (3.7) 14 (3.0) 11 (2.5) 105 (3.4)
Other 225 (10.3) 40 (8.7) 46 (10.6) 311 (10.1)
Systolic blood pressure (mmHg)
<90 208 (9.6) 63 (13.6) 44 (10.1) 315 (10.2)
90–139 1,354 (62.3) 209 (45.2) 163 (37.4) 1,726 (56.2)
140+ 612 (28.1) 191 (41.2) 229 (52.5) 1,032 (33.6)
MOI∗∗
Motor vehicle 1,213 (55.8) 141 (30.4) 83 (19.0) 1,437 (46.8)
Motorcycle 221 (10.2) 8 (1.7) 0 (0.0) 229 (7.5)
Pedestrian 82 (3.8) 11 (2.4) 3 (0.7) 96 (3.1)
Crush 121 (5.6) 21 (4.5) 8 (1.8) 150 (4.9)
High fall 292 (13.4) 72 (15.6) 97 (22.2) 461 (15.0)
Low fall 245 (11.3) 210 (45.4) 245 (56.2) 700 (22.8)
AIS† of pelvis
3 1,845 (84.9) 415 (89.6) 417 (95.6) 2,677 (87.1)
4 267 (12.3) 41 (8.9) 13 (3.0) 321 (10.5)
5 62 (2.8) 7 (1.5) 6 (1.4) 75 (2.4)
6 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
ISS††
<16 936 (43.0) 289 (62.4) 340 (78.0) 1,565 (50.9)
≥16 1,238 (57.0) 174 (37.6) 96 (22.0) 1,508 (49.1)
Acute respiratory stress syndrome
Yes 33 (1.5) 5 (1.1) 6 (1.4) 44 (1.4)
No 2,141 (98.5) 458 (98.9) 430 (98.6) 3,029 (98.6)Journal of Osteoporosis 7
Table 3: Continued.
Variable
Age group
Adults
(18–64 years)
n (%)
N = 2,174
Elderly
(65–79 years)
n (%)
N = 463
Octogenarian
(≥80 years)
n (%)
N = 436
Total
n (%)
Renal failure
Yes 11 (0.5) 9 (1.9) 1 (0.2) 21 (0.7)
No 2,163 (99.5) 454 (98.1) 435 (99.8) 3,052 (99.3)
Pulmonary embolism
Yes 10 (0.5) 5 (1.1) 2 (0.5) 17 (0.6)
No 2,164 (99.5) 458 (98.9) 434 (99.5) 3,056 (99.4)
ICU stay
<1 week 1,931 (88.8) 403 (87.0) 407 (93.4) 2,741 (89.2)
≥1 week 243 (11.2) 60 (13.0) 29 (6.6) 332 (10.8)
Hospital stay
<1 week 1,145 (52.7) 264 (57.0) 310 (71.1) 1,719 (55.9)
≥1 week 1,029 (47.3) 199 (43.0) 126 (28.9) 1,354 (44.1)
Major procedure
CRIF 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.1)
ORIF 17 (0.8) 1 (0.2) 0 (0.0) 18 (0.6)
Closed dislocation reduction 7 (0.3) 0 (0.0) 0 (0.0) 7 (0.2)
Open dislocation reduction 16 (0.7) 0 (0.0) 0 (0.0) 16 (0.5)
Other 551 (25.3) 45 (9.7) 14 (3.2) 610 (19.8)
No major procedure 1,582 (72.8) 417 (90.1) 422 (96.8) 2,421 (78.8)
∗Severe complication is deﬁned as having one or more of the following during hospital course: pulmonary embolism, renal failure, acute respiratory distress
syndrome, or death.
∗∗MOI: mechanism of injury.
†AIS: abbreviated injury scale.
††ISS: injury severity score.
models for death and severe complication as outcomes
(Table 5). When controlling for pre-hospital conditions and
using the adult group as a referent, the octogenarian group
had 4.7-fold higher odds of death (95% CI: 2.98–7.34) and
4.57-fold higher odd of complications (95% CI: 3.01–6.96)
after sustaining a pelvic fracture. Moreover, the elderly had
1.81-fold increase in odds of death (95% CI: 1.16–2.80) and
2.18-fold increased odds of severe complications (95% CI:
1.49–3.19) after sustaining a serious pelvic fracture. In this
model, an ISS of greater than 16 yielded 15.1-fold increased
odds of death (95% CI: 8.76–26.61) and 18.3-fold increase
in severe complications (95% CI: 11.2–29.9). Hypovolemic
shock also had 7.65-fold increase odds of death (95% CI:
5.45–10.7)and6.31-foldhigheroddsofseverecomplications
(95% CI: 4.60–8.66).
4. Discussion
This study found increased odds of complications and mor-
tality in the octogenarian population with pelvic fractures as
compared to younger elderly patients and adults. Multivari-
atelogisticregressionanalysisshowedthatoctogenarianshad
a large increase odds ratio of death even though the mecha-
nisms of injury and ISS were less severe compared to adults.
The management of elderly and octogenarian patients
with pelvis fractures is fraught with increased mortality
relative to their adult counterparts. The numbers of patients
older than 80 years are increasing, and they are enjoying a
more active lifestyle. In light of their increased fragility and
decreased reaction times, it is likely that they will continue
to have an increase in the incidence of severe traumas [1,
14, 15]. Moreover, 69% of patients older than 65 years of
agehaveincreasedcomorbiditiesonadmissiontothetrauma
center relative to their younger adult counterparts [16].
There are few studies that evaluate the outcomes of
elderly patients with pelvis fractures [4–7, 17–21]. This study
diﬀers from previous studies regarding pelvic fractures in
the elderly population by considering the octogenarian (≥80
years old) and young elderly (65–79 years old) populations
in the United States that were admitted to trauma centers
as separate groups. We have analyzed records gathered from
the NTDB regarding pelvis fractures to characterize the risks
of mortality and complications in 6,408 elderly and 5,647
octogenarians and compared them to 32,660 adults. Analysis
of the data illustrates that relative to adults, octogenarians,
more than elderly patients, had an increased odds ratio
of mortality and severe complications. Commensurate with
other research, this study found that for the total population8 Journal of Osteoporosis
Table 4: Bivariate analysis for the population with isolated, closed,
and severe pelvic fractures (AIS ≥ 3), comparing predictors upon
arrival to the emergency department with the outcomes death and
severe complication (odds ratios and 95% conﬁdence intervals),
n = 31,475.
Predictors
Outcome
Death Severe complication∗
Male 1.04 (0.78–1.38) 1.25 (0.98–1.61)
Not Caucasian 1.29 (0.95–1.74) 1.13 (0.87–1.47)
Adult (18–64 years) 0.66 (0.49–0.89) 0.67 (0.52–0.87)
Elderly (65–79) 1.18 (0.81–1.72) 1.31 (0.95–1.81)
Octogenarian
(>80 years)
1.63 (1.14–2.32) 1.43 (1.03–1.97)
Hypovolemic shock 8.43 (6.20–11.50) 6.85 (5.17–9.07)
Head injury 4.38 (3.03–6.33) 4.80 (3.46–6.67)
ISS† ≥ 16 13.0 (7.90–21.5) 15.1 (9.61–23.7)
Motor vehicle accident 2.28 (1.70–3.07) 2.17 (1.68–2.80)
Motorcycle accident 1.30 (0.79–2.12) 1.10 (0.69–1.72)
Fall from height 0.63 (0.40–1.00) 0.75 (0.51–1.10)
Low energy fall 0.16 (0.10–0.30) 0.21 (0.13–0.35)
Crush 1.23 (0.67–2.25) 1.04 (0.59–1.83)
Pedestrian versus auto 1.46 (0.72–2.94) 1.60 (0.88–2.91)
∗Severe complication is deﬁned as having one or more of the following
during hospital course: pneumonia, bacteremia, deep vein thrombosis, pul-
monary embolism, renal failure, acute respiratory distress syndrome, or
death.
†ISS: injury severity score.
Table 5: Multivariate logistic regression analysis for the population
with isolated, closed, and severe pelvic fractures (AIS ≥ 3) using
predictors upon arrival to the emergency department with the
outcomes death and severe complication (odds ratios and 95%
conﬁdence intervals).
Outcome
Model predictors Death Severe complication∗
n = 3,101 n = 3,101
Adult (18–64 years) Referent Referent
Elderly (65–79) 1.81 (1.16–2.80) 2.18 (1.49–3.19)
Octogenarian
(≥80 years)
4.70 (2.98–7.38) 4.57 (3.01–6.96)
Hypovolemic shock 7.65 (5.45–10.7) 6.31 (4.60–8.66)
Head injury 2.74 (1.81–4.14) 2.86 (1.98–4.13)
ISS∗∗ ≥ 16 15.1 (8.76–26.1) 18.3 (11.2–29.9)
Hosmer-Lemeshow† 0.33 0.43
∗Severe complication is deﬁned as having one or more of the following dur-
ing hospital course: pulmonary embolism, renal failure, acute respiratory
distress syndrome, or death.
∗∗ISS: injury severity score.
†Hosmer-Lemeshow P value given for model’s goodness of ﬁt instead of
odds ratio and 95% conﬁdence interval.
withpelvicinjuriesadmittedtotraumacenters,hypovolemic
shock,headinjury,ISS ≥16,andhighervelocitymechanisms
of injury have an increased risk of death [22]. In this study,
and commensurate with other studies [1], low velocity falls
were the most common mechanism of injury for elderly
(30%)andoctogenarian(50%)patientswithpelvisfractures.
In a study that surveyed falls in patients older than 65, injury
withISSgreaterthan15occurredin32%oftheelderlyversus
15% in the young [23]. Moreover, they found that 27% of
elderly patients and 14% of young patients had AIS scores
attributed to the pelvis. The conclusion was that it could
take lower velocity trauma in elderly patients to cause high
severity injuries. However, in a study examining age-related
outcomes that stratiﬁed patients who sustained blunt pelvic
injury into more or less than 55 year old, the elderly and
young had the same mechanism of injury that brought them
to that tertiary care facility [24].
Overall, there was 10.4-fold increased odds ratio for
the risk of death if the ISS was ≥16. There were lower
velocity mechanisms and a smaller percentage of patients
with ISS ≥ 16 in both the elderly (38.0%) and octogenarian
(23.3%) relative to adults (54.1%). Despite lower energy
mechanisms and ISS, multivariate logistic regression analysis
for the entire population showed that being an octogenarian
had 3.6-fold increase in odds ratio of death relative to the
adult population. Moreover, elderly patient’s odds ratio of
death was 2.35-fold higher relative to the adult population.
Patients with pelvis AIS ≥ 3 were analyzed for compli-
cations and were associated with hypovolemic shock, head
injury, and ISS ≥ 16. More speciﬁcally, adults with AIS ≥ 3
survived slightly more (94%) then elderly (92%) and octo-
genarians (90.3%). The rest of the surviving octogenarian
population had minimal complications and a decreased
hospitallengthofstayrelativetotheelderlyandadults.When
analyzing the average percent survival relative to age, the
trend was for decreasing in survival as age increased. More
speciﬁcally, as patient’s ages increased from 18 to 89 years,
there is approximately a 1% decrease in survivorship per 10
years. That is, pelvic fracture patient survival decreases from
92.5% at age 20 to 85.5% at age 88.
We also analyzed the percentage of major procedures
performed. The elderly and octogenarian patients had less
surgery relative to the adult population in spite of a higher
complication and mortality rate. This ﬁnding was in contrast
to recommendations that angiographic embolization should
beperformedifbleedingintothepelvisisfoundintheelderly
patient regardless of haemodynamic instability [25].
Regarding hospital stay, we found that the elderly popu-
lation that survived had a shorter hospitalization relative to
their adult counterparts. This may be explained by the fact
that the overwhelming number of elderly and octogenarian
patients had pelvis fractures as a result of low velocity
injuries. Moreover, these results underscore the importance
of osteoporosis therapy in the prevention of pelvic and
other osteoporotic fractures in the elderly and octogenarian
populations.
The main strengths of the current study are that this is
the largest cohort of elderly and octogenarian patients
with pelvis fractures under investigation. Moreover, the
representations of more than 900 academic and nonaca-
demic centers of various trauma designation levels provide
broad generalizability. However, this study also has few
notable limitations. The National Trauma Data Bank isJournal of Osteoporosis 9
a convenience sample that contains data entered by many
contributing United States hospitals and is not a total
population database. Another limitation was that since the
NTDB does not code separately for pelvic AIS, the pelvic
AIS score was computed by excluding all patients with other
lower extremity injuries from the lower extremity AIS score.
This may have inﬂuenced the descriptive statistics. However,
this allowed the comparison of similar injuries and to better
isolate the eﬀect of age. Finally, there could be interaction
betweenvariablesthatwerenotincluded inthemodel.These
variables might not have been collected by the NTDB or
may be latent factors not identiﬁed. Such discrepancies may
have altered the ﬁnal parameter estimates by either inﬂating
or deﬂating their values. One potential limitation of the
study is that we did not compare the comorbid conditions
of the study sample to the entire NTDB. However, in a
Canadian study, the authors found that more than 90% of
octogenarians admitted to the emergency room with pelvis
fractures had medical comorbidities [20]. Therefore, we can
assume that our octogenarian patients also have similar
comorbidities. However, we do not have similar data on
the younger age group of patients and therefore could not
include this information in this study. Another potential
limitation of the study is that we did not include severe
bleeding as a severe complication. This parameter is a cause
of hemodynamic shock, but it is diﬃcult to quantify and
accurately report in a dataset like the NTDB. Therefore, it
wasnot included in this study. Other limitations mayinclude
the fact that body mass index (BMI) can be a factor in the
development of pulmonary embolism but may be protective
of mortality in patients with pelvis fractures [17, 26]. This
data was not suﬃciently present to include in our prediction
models.
In conclusion, the results of this study illustrate that the
patients older than 80 years with pelvis fractures have a
much higher mortality and complications rate than patients
younger than 80 years old. These results emphasize the need
for continued focus and study of the elderly patient with a
pelvis fracture.
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